HIM-3, HTP-1, and HTP-2, comprise the axial elements of the SC and play overlapping but 
13
Here, we report that some SC components are required for the synapsis checkpoint. syp-2 14 mutants resemble syp-1 mutants and elevate apoptosis in response to the synapsis checkpoint. 
19
these data suggest there may be molecular differences in how the synapsis checkpoint can be 20 activated. By contrast, syp-3 mutants do not elicit a synapsis checkpoint response, indicating 21 that SYP-3 is required for the synapsis checkpoint. Similarly, htp-3, him-3 and htp-1 mutants are 22 also defective in the synapsis checkpoint. The ability to generate a synapsis checkpoint 23 response does not correlate with less stable homolog pairing at PCs, suggesting that the 24 synapsis checkpoint may instead monitor SC assembly through these factors. Finally, loss of 25 6 SYP-3, HTP-3, HIM-3 or HTP-1 does not abrogate PC function, consistent with these proteins 1 playing a direct role in the checkpoint. 
16
To determine if other syp mutants behave similarly we quantified apoptosis in null syp-2, 17 syp-3 and syp-4 mutants ( Figure 1B , C and D). Mutation of syp-2 elevated germline apoptosis 18 levels similar to those seen in syp-1 mutants ( Figure 1B ), suggesting that syp-2 mutants exhibit 19 both DNA damage and synapsis checkpoint responses. To verify that syp-2 mutants exhibit a 20 DNA damage checkpoint response, we introduced a mutation of spo-11 into a syp-2 21 background. We observed decreased apoptosis to intermediate levels in spo-11;syp-2 double 22 mutants ( Figure 1B) , indicating that syp-2 mutants exhibit a DNA damage checkpoint response.
23
To determine if syp-2 mutants exhibit a synapsis checkpoint response we observed apoptosis in 
25
1B). This verifies that syp-2 mutants elevate germline apoptosis due to the synapsis checkpoint.
7
Furthermore, mutation of both pch-2 and spo-11 reduced apoptosis to wild-type levels in a syp-2 1 background ( Figure 1B) . These data show that the elevation of apoptosis observed in syp-2 2 mutants is in response to both the DNA damage and synapsis checkpoints, similar to syp-1 3 mutants (BHALLA AND DERNBURG 2005).
4
Next we analyzed syp-4 mutants and found that germline apoptosis was also elevated 5 ( Figure 1C ) comparable to syp-1 and syp-2 mutants ( Figure 1B) . Moreover, spo-11;syp-4 6 double mutants resembled spo-11;syp-1 and spo-11;syp-2 double mutants (BHALLA AND 7 DERNBURG 2005) ( Figure 1B and C), demonstrating that syp-4 mutants have elevated apoptosis 8 due to the DNA damage checkpoint. However, germline apoptosis was unaffected in pch-2;syp-9 4 and pch-2;spo-11;syp-4 mutants compared to syp-4 and spo-11;syp-4 mutants, respectively 10 ( Figure 1C ).
11
We reasoned that these results with the pch-2 mutation could either reflect that an additional 12 meiotic checkpoint was active in syp-4 mutants or syp-4 mutants produced a synapsis 13 checkpoint response independent of PCH-2. We distinguished between these two possibilities 14 by monitoring germline apoptosis in mdf-1;syp-4 double mutants and mdf-1;spo-11;syp-4; triple 15 mutants ( Figure 1C ). We previously reported that MDF-1, the C. elegans ortholog of the spindle 16 checkpoint gene Mad1, is also required for the synapsis checkpoint and regulates synapsis in 
19
indicating that the synapsis checkpoint contributes to the increase in apoptosis observed in syp-20 4 mutants ( Figure 1C ). Thus, the genetic requirements for the synapsis checkpoint in syp-4 21 mutants are different than that of syp-1 and syp-2 mutants.
22
We also quantified apoptosis in syp-3 mutants and observed increased apoptosis 23 compared to wild-type worms but not to levels observed in syp-1 single mutants ( Figure 1D ).
24
This suggests that unlike syp-1, syp-2 and syp-4 mutants, syp-3 mutants either have a 25 functional DNA damage or synapsis checkpoint, but not both. To determine which checkpoint 26 8 was responsible for the elevated apoptosis observed in syp-3 mutants we first quantified 1 apoptosis in spo-11;syp-3 double mutants ( Figure 1D ). Mutation of spo-11 in a syp-3 2 background reduced apoptosis to wild-type levels ( Figure 1D ), demonstrating that the elevation 3 in apoptosis observed in syp-3 mutants is dependent on the DNA damage checkpoint. To 4 ensure that the elevation in apoptosis observed in syp-3 mutants is due solely to the DNA 5 damage checkpoint and not due to the synapsis checkpoint, we monitored germline apoptosis in 6 pch-2;syp-3 mutants. Mutation of pch-2 in the syp-3 background did not reduce apoptosis 7 ( Figure 1D ), illustrating that the elevation in apoptosis observed in syp-3 mutants is not 8 dependent on the synapsis checkpoint. Therefore, although chromosomes are unsynapsed in 
10
These data suggest that SYP-3 is required for the synapsis checkpoint. To verify this, we 11 quantified apoptosis in syp-1;syp-3 double mutants ( Figure 1D ). syp-1;syp-3 double mutants 12 had intermediate levels of germline apoptosis ( Figure 1D ), indicating loss of either the DNA 13 damage checkpoint or the synapsis checkpoint but not both. Mutation of syp-3 in a pch-2;syp-1 14 background did not further decrease apoptosis ( Figure 1D ), confirming that SYP-3 is not 15 required for the DNA damage checkpoint. However, spo-11;syp-1;syp-3 triple mutants had wild-16 type levels of apoptosis ( Figure 1D ), signifying loss of the synapsis checkpoint. Altogether these 17 data show that SYP-3, but not SYP-2 or SYP-4, is required for the synapsis checkpoint. Figure 2B ). Although we observed that loss of PCH-2 had 9 effects on pairing in zone 6 in both syp-3 and syp-4 mutants ( Figure 2B ), signifying a role for 10 PCH-2 in these backgrounds independent of the synapsis checkpoint, we focused our analysis 11 on zone 2 based on the more stable pairing we detected in pch-2;syp-1 double mutants in 12 comparison to syp-1 single mutants in this region ( Figure 2B ). PCs were more frequently paired 25 26 1
We also tested whether axial element proteins, specifically HORMADs, are required for the 2 synapsis checkpoint using null mutations of each gene ( Figure 3 ). First, we tested whether HTP- htp-1 background reduced apoptosis to wild-type levels while mutations of pch-2 had no effect 1 on germline apoptosis when compared to htp-1 single mutants ( Figure 3B ). This indicates that 2 the elevation in apoptosis observed in htp-1 mutants is dependent on the DNA damage 3 checkpoint and not the synapsis checkpoint. Therefore, unlike htp-3 and him-3 mutants (Figure   4 3A), htp-1 mutants activate germline apoptosis in response to the DNA damage checkpoint 5 ( Figure 3B ), supporting the idea that meiotic HORMADS also play distinct roles during meiotic 6 checkpoint activation. Furthermore, these data suggest that either non-homologous synapsis 7 does not result in a synapsis checkpoint response or that HTP-1 may be required for the 8 synapsis checkpoint.
9
To test if HTP-1 is required for the synapsis checkpoint, we took advantage of the partially 
21
To validate that HTP-1 is required for the synapsis checkpoint we observed apoptosis in 22 syp-1;htp-1 and syp-1;htp-2 double mutants ( Figure 3C ). While mutation of htp-2 had no effect 23 on apoptosis in the syp-1 background, we observed reduced apoptosis to intermediate levels in to levels comparable to wild-type worms ( Figure 3C ) demonstrating that the elevation of 3 apoptosis observed in syp-1;htp-1mutants is dependent on the DNA damage checkpoint. In 4 addition, mutation of pch-2 did not further decrease apoptosis in the syp-1;htp-1 background 5 ( Figure 3C) , showing that the elevation of apoptosis observed in syp-1;htp-1 mutants is not 6 dependent on the synapsis checkpoint. Therefore, the synapsis checkpoint is abrogated in syp-7 1;htp-1 mutants. However, while apoptosis in pch-2;syp-1;htp-1 triple mutants was significantly 8 higher than wild-type, pch-2;syp-1;htp-1 triple mutants had reduced levels of apoptosis in 9 comparison to pch-2;syp-1 double mutants ( Figure 3C ), suggesting that loss of HTP-1 affects 10 the synapsis checkpoint more severely than loss of PCH-2. Alternatively, loss of HTP-1 may 11 partially reduce the DNA damage response in this background given its role in enforcing htp-2 mutants in early meiotic prophase nuclei ( Figure 4A ). In wild-type worms ZIM-2 forms 6 robust patches at the nuclear periphery ( Figure 4A ) (PHILLIPS AND DERNBURG 2006). We 7 observed ZIM-2 staining in htp-1 htp-2 double mutants similar to wild-type worms ( Figure 4A ).
8
However, htp-3 and him-3 mutants had less robust ZIM-2 localization compared to wild-type 9 worms ( Figure 4A ). We saw similar results in htp-3, him-3 and htp-1 htp-2 mutants when we 10 stained for ZIM-1 and ZIM-3 ( Figure S1A and B) , which bind the PCs of Chromosomes I and IV 11 and Chromosomes II and III, respectively (PHILLIPS AND DERNBURG 2006).
12
The defect in robustly localizing ZIMs to PCs in htp-3 and him-3 mutants ( Figure 4A , S1A 
19
HIM-8 foci were more often unpaired in htp-3 and him-3 mutants, while in wild-type and htp-1 20 htp-2 double mutants a single HIM-8 focus per nucleus could often be observed in early meiotic 21 prophase nuclei. We also determined whether X chromosome PCs were functional in these 22 mutant backgrounds by localizing PLK-2 ( Figure 4B ), a kinase that is recruited by PCs to Figure 5A ). Moreover, unlike wild-type germlines,
16
PLK-2 localization on PCs is extended in syp-3 mutants, similar to syp-1, syp-2 and syp-4 17 mutants ( Figure 5A ).
18
We complemented this evaluation of PC function by localizing ZIM-2 and HIM-8 in syp-3 19 mutants and compared this to syp-1, syp-2 and syp-4 mutants. ZIM-2 forms robust patches in 20 meiotic nuclei in syp-3 mutants, similar to syp-1, 2 and 4 mutants ( Figure 5B ). Furthermore,
21
HIM-8 localizes to all meiotic nuclei in syp-3 mutants and co-localizes with PLK-2 ( Figure 5C ).
22
These data show that SYP-3 is required for the synapsis checkpoint in a mechanism distinct 23 from regulating PC function.
24
Altogether, our data demonstrate that some SC components, namely SYP-3, HTP-3, HIM-3 25 and HTP-1, are required for the synapsis checkpoint ( Figure 6 ). Furthermore, their involvement 6 Surprisingly, despite having similar defects in synapsis, we found that not all central element 7 components of the SC are equivalent in the context of checkpoint function. While syp-2 mutants 8 essentially phenocopy syp-1 mutants, syp-4 mutants have a functional synapsis checkpoint that 9 is independent of PCH-2 but dependent on MDF-1. When combined with our pairing analysis 10 ( Figure 2B ), these data raise the possibility that SYP-4 could be playing another role during the 11 synapsis checkpoint. SYP-4 was identified by virtue of its two-hybrid interaction with SYP-3.
12
However, unlike SYP-3, SYP-4 does not show an interaction with either SYP-1 or SYP-2 by 
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LG II: pch-2(tm1458)
3
LG IV: htp-1(gk174), htp-2(tm2543), him-3(gk149), spo-11(ok79), nT1[unc-?(n754) 
